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tetrasubstituted pyrroles has been reported through one-pot four-component reaction of aldehyde,
amine, nitroalkane and 1,3-diketone using silica gel supported polyphosphoric acid (PPA–SiO2)
under microwave condition. The reaction occured through the in situ formation of b-keto enamine
and nitrostyrene analog following Michael addition and finally intramolecular annulation affording
the products in good yields. The key features of the present method include clean reaction, mild
conditions, low catalyst loading, straightforward, high to excellent yields, short reaction time,
avoiding use of harmful metal catalyst and organic solvent, environmentally friendly compared
to the existing methods, recovery and reusability of catalyst and easy workup procedure.
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In the last few decades, tremendous attempts have been dedi-
cated to prepare small heterocyclic compounds owing to their
high level of structural diversity and broad therapeutic effi-
cacy. Pyrrole is considered as ‘privileged scaffolds’ and each
substitution in the pyrrole nucleus provides the compounds
with extensive pharmacological properties [1]. Pyrrole repre-
sents one of the most important heterocyclic compound, which
is frequently found as a structural fragment in several natural
products [2a] and pharmaceuticals [2b] and widely used as
versatile building units in synthetic organic transformationol-3-yl)-
ttp://dx.
2 S. Kumar et al.[2c]. The pyrrole core moiety is important in many biological
compounds such as atorvastatin [2d], sunitinib [2e], ketorolac
[2f], tolmetin [2f], enzyme catalase, vitamin B12, pigments
like heme, chlorophyll, bilirubin and melanin [2g–j] (Fig. 1).
Apart from this, tetrasubstituted pyrroles are of great
importance because of having pharmacological properties
like antiviral [3a], antibacterial [3b], antifungal [3c],
antioxidant [3d], and anticancerous [3e] and they also inhibit
the cytokine-mediated diseases [3f].
Therefore, new research avenues are concerned on the
development of facile and efficient protocols for the prepara-
tion of highly functionalized pyrroles. Consequently, for the
preparation of structurally diverse pyrroles, a huge number
of synthetic methodologies have been developed [4]. The syn-
thesis of pyrrole nucleus is normally achieved by applying
Hantzsch [5] or Knorr [6] or Paal Knorr reaction [7]. Although
these methods are very helpful for the synthesis of pyrroles,
they have serious drawbacks such as unsatisfactory yields,
multistep synthetic operations, accessibility of starting materi-
als, regiospecificity, functional group compatibility and drastic
reaction conditions. Recently, tetra-substituted pyrroles were
reported using multicomponent reaction catalyzed by FeCl3
[4a], NiCl26H2O [3f], graphite [8], PS-PTSA [9], Pd catalyzed
Suzuki coupling of b-keto enamine or esters and nitromethane
[10] and reaction of enamino esters and nitroolefins [11]. How-
ever, most of these approaches have some limitations such as
long reaction time, unsatisfactory yields, high temperature,
costly catalysts, utilization of organic solvents and tedious
work-up procedures. Consequently, the scope of efficient and
facile synthetic method for the preparation of tetrasubstituted
pyrroles is still an attractive aim for the chemists.
In recent years, microwave-assisted multicomponent reac-
tions (MCRs) are of great importance in synthesis of pyrrole
moiety, due to their simplicity, high selectivity, rapid construc-
tion of complex molecules without isolation of any intermedi-
ates, reduced reaction time, good yielding, environmentally
benign, high variability, excellent atom-economy, less time
consuming and easy work-up [12]. Moreover, the possibility
of extending one-pot reactions into solid-phase syntheses pro-
mises various prospects for developing novel lead structures of
pharmaceuticals. In this perspective, our attention was drawn
for the preparation of pyrrole nucleus through one-pot four-
component reaction using solid phase heterogeneous catalyst.N
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Figure 1 Some pharmaceutical products containing pyrrole
moiety.
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tion in organic transformations because they have good ther-
mal and mechanical stabilities, superior over homogeneous
catalysts, easily recover from the reaction mixture by simple fil-
teration, reuse several times, being more economical and envi-
ronmentally viable [13]. In this context, silica supported
polyphosphoric acid (PPA–SiO2) is found as an efficient pro-
ton source in organic transformations. PPA–SiO2 has been
explored as a powerful catalyst for several organic transforma-
tions under mild conditions [14–16]. The unique feature of sil-
ica supported polyphosphoric acid over traditional protonic
acids and Lewis acid catalysts is stability, cost effective, ease
of handling and recycling and reusability.
In continuation of our interest to explore eco-friendly
approach under solvent-free condition [17], herein, we wish
to describe a simple and efficient microwave assisted approach,
for the synthesis of 2-(tetrasubstituted-1H-pyrrol-3-yl)-4H-ch
roman-4-ones using PPA–SiO2 as catalyst by employing
one pot multicomponent condensation reaction of
4-oxo-4H-chromane-2-carbaldehyde, amines, 1,3-diketone
and nitroalkanes at 90 C as shown in Scheme 1.
2. Results and discussion
The approach offered two new each CAC bonds and CAN
bonds through this one pot condensation reaction. The reac-
tion involves in situ generation of b-keto enamine and nitros-
tyrene analog followed by Michael addition and thereafter
intramolecular annulation. On the basis of this approach, the
starting materials are easily available for the synthesis of 20-
member combinatorial library of 2-(tetrasubstituted-1H-pyr
rol-3-yl)-4H-chroman-4-one. The 4-oxo-4H-chromane-2-
carbaldehyde (1) was synthesized by following the literature
procedure [18].
Firstly, the reaction conditions were examined using four
substrates such as 4-oxo-4H-chromane-2-carbaldehyde 1
(1 mmol), N,N-dimethylbenzene-1,4-diamine 2d (1 mmol),
acetylacetone 3b (1 mmol) in nitromethane 4 (1 mL) by apply-
ing various catalysts as a model reaction (Table 1). The reac-
tion parameters including the reaction solvents, heating
conditions and reaction time were screened.
We scrutinized the reaction by applying various catalysts
such as FeCl3, FeCl3SiO2, FeCl36H2O, PTSA, K-10, TiO2–
SiO2, InCl3, CF3SO3H, PS-PTSA, NbCl5, and PPA–SiO2 in
similar reaction conditions. Catalysts such as CF3SO3H,
FeCl36H2O, PTSA, FeCl3, NbCl5, and InCl3 resulted in a
low to moderate yield of the product 5i (Table 1, entries 1–6)
However, among all catalysts screened, PPA–SiO2 (10 mg)
was found as the most effective catalyst for this coupling reac-
tion. Owing to various advantages with heterogeneous acid
catalyzed reactions, we performed the reaction with K-10,
TiO2–SiO2, FeCl3SiO2 and PS-PTSA obtaining moderate to
high yields of 5i (Table 1, entries 7–10). Then we performed
the reaction in the presence of PPA–SiO2 and it dramatically
accelerated the reaction affording the product 5i in an impres-
sive yield (Table 1, entry 11).
The catalyst loading of PPA–SiO2 was also studied for
maximum efficiency and it was found that 10 mg of
PPA–SiO2 was enough to get optimum product yield in a neat
condition (Table 1, entries 11–14). Any extra amount of the
catalyst did not enhance the yields significantly (Table 1, entryone-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
osphoric acid (PPA/SiO2), Journal of Saudi Chemical Society (2016), http://dx.
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Scheme 1 Synthesis of 2-(tetrasubstituted-1H-pyrrol-3-yl)-4H-chromen-4-ones catalyzed by PPA–SiO2.
Table 1 Optimization of reaction conditions in the synthesis of 5i.a
Entry Catalyst (mol%) Solvent Temp (C) Conventional Microwave
Time (h) Yieldb (%) Time (min) Yieldb (%)
1 CF3SO3H (5) Neat 90 10 30 120 30
2 FeCl3.6H2O (10) Neat 90 8 42 140 53
3 PTSA (5) Neat 90 6 43 135 51
4 FeCl3 (5) Neat 90 8 49 145 59
5 NbCl5 (5) Neat 90 5.5 55 156 74
6 InCl3 (5) Neat 90 6 60 125 69
7 K-10 (5) Neat 90 8 57 150 75
8 TiO2–SiO2 (5) Neat 90 6 62 92 79
9 FeCl3.SiO2 (10 mg) Neat 90 5 72 110 75
10 PS-PTSA (10 mg) Neat 80 5 81 60 86
11 PPA–SiO2 (10 mg) Neat 90 3 87 46 95
12 PPA–SiO2 (8 mg) Neat 90 3.5 81 50 86
13 PPA–SiO2 (5 mg) Neat 90 4 72 60 75
14 PPA–SiO2 (4 mg) Neat 90 3 65 60 67
15 PPA–SiO2 (10 mg) Neat 80 4 79 60 83
16 PPA–SiO2 (12 mg) Neat 100 3.5 86 46 92
17 PPA–SiO2 (10 mg) Toluene 100 6.5 65 145 77
18 PPA–SiO2 (10 mg) THF 60 7 51 110 79
19 PPA–SiO2 (10 mg) CHCl3 60 7 65 125 76
20 PPA–SiO2 (10 mg) ACN 70 7 45 140 82
Values in bold highlight the optimized condition.
a Reagent and condition: 4-oxo-4H-chromane-2-carbaldehyde 1 (1 mmol), N,N-dimethylbenzene-1,4-diamine 2d (1 mmol), acetylacetone 3
(1 mmol) and nitromethane 4 (1 mL).
b Isolated yield.
Microwave assisted one-pot multi-component synthesis of tetrasubstituted pyrroles 316). The reaction was investigated in various organic solvents
also such as toluene, chloroform, tetrahydrofuran and acetoni-
trile. However, it resulted into the unsatisfactory yield of thePlease cite this article in press as: S. Kumar et al., Microwave assisted highly eﬃcient
4H-chroman-4- ones catalyzed by heterogeneous reusable silica gel supported polyph
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solvents in both thermal and microwave conditions using
4–10 mg of PPA–SiO2 in different solvents and neat conditionone-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
osphoric acid (PPA/SiO2), Journal of Saudi Chemical Society (2016), http://dx.
4 S. Kumar et al.on this prototypical reaction (Table 1, entries 11–20). The reac-
tion was also examined at different temperatures (80, 90,
100 C). The optimum conversion of substrates to product 5i
was attained when the reaction was carried out without any
solvent at 90 C for 46 min (Table 1, entry 11). Nitroalkane
played the role of both solvent and the substrate in this reac-
tion. It is worth remarking that the presented work is a contri-
bution to the viewpoint of green chemistry since the method is
environmentally benign.
After getting the optimization condition, we next studied
the scope of the reaction with several amines and
1,3-diketones and the results are given in Table 2.
In general, for various substituted and unsubstituted aro-
matic amines, the reaction went smoothly to provide the
desired products in good yields (79–95%). Electron-rich
phenylamines such as N,N-dimethylbenzene-1,4-diamine 2dTable 2 Microwave-assisted PPA–SiO2 catalyzed Four-compone
substrates.a
a Reagent and condition: 4-oxo-4H-chromane-2-carbaldehyde (1 mmol),
PPA–SiO2 (10 mg), 90 C.
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doi.org/10.1016/j.jscs.2016.01.005afforded the corresponding products 5d, 5i, 5n and 5s in
excellent yields (90–95%). The weakly electron-deficient
4-chloroaniline 2b was also subjected to the reaction and the
corresponding products 5b, 5g, 5l and 5q were attained in good
yields (83–89%). However, in case of strongly electron-
deficient 4-nitroaniline 2c, reaction did not give the appreciable
yield. It can be described on the basis of low nucleophilicity of
this amine due to the presence of –NO2 group, which sup-
pressed the in situ formation of the corresponding b-enamino
carbonyl intermediate. Particularly, when the unsymmetrical
ethylacetoacetate 3a was used as a substrate, the products
5a–e were obtained in 80–91% yield, it is remarkable that only
the more activated acetyl group participated in the reaction.
Finally, the efficiency of this four-component condensation
reaction was also successfully tested with butylamine 2e afford-
ing the products 5e, 5j, 5o and 5t in 90%, 87%, 88% and 86%nt coupling synthesis of functionalized Pyrroles with various
1,3-diketone (1 mmol), amines (1 mmol) and nitromethane (1 mL),
one-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
osphoric acid (PPA/SiO2), Journal of Saudi Chemical Society (2016), http://dx.
Microwave assisted one-pot multi-component synthesis of tetrasubstituted pyrroles 5yields respectively. The synthesized products were elucidated
by FTIR, NMR and HRMS.
An important feature of catalyst is the recovery and
reusability of the catalyst in the reaction which is shown in
the recycling experiments of this same prototypical reaction
in five successive cycles with the recovered catalyst and product
5i obtained in 95%, 91%, 90%, 87%, and 86% yields in at
least five cycles in subsequent reactions respectively (Table 3).
As PPA–SiO2 is a heterogeneous catalyst, it was filtered and
reused after being washed with methanol and drying at
100 C for 30 min. This showed that efficiency of the catalyst
did not deteriorate appreciably.
The plausible mechanism for the one-pot synthesis of 2-(tet
rasubstituted-1H-pyrrol-3-yl)-4H-chroman-4-ones is depicted
in Scheme 2. Since the activity and selectivity of a PPA
disseminated on the surface of the SiO2 is improved becauseTable 3 Catalyst recycling.
Entry Run
1 1st
2 2nd
3 3rd
4 4th
5 5th
a Isolated yields.
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doi.org/10.1016/j.jscs.2016.01.005the effective surface area of reagent increased manifold. Hence,
SiO2 supported catalysts are likely to perform better than the
individual reagents. We assumed the in situ formation of
b-keto enamine and nitrostyrene analog intermediates in the
reaction, which subsequently undergo Michael addition reac-
tion following cyclization resulting in the formation of the
desired products [4a,10]. The catalyst PPA–SiO2 hastened the
reaction by increasing the electrophilicity of aldehyde and
1,3-dicarbonyl compounds and increased the rate of the
formation of nitrostyrene analog and b-enamino carbonyl
intermediates. Then silica gel supported Polyphosphoric acid
(PPA–SiO2) catalyzed activation of Michael addition
reaction and following ring cyclization led to the final
product. Presumably, the PPA–SiO2 activated the reaction
more strongly compared to other protonic and Lewis acids
and hence provided better results.Time (min) Yield (%)a
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We have devised a highly efficient and eco-friendly approach
for the synthesis of 20-member library of highly functionalized
novel bioactive pyrroles by one-pot four-component reaction
of aldehyde, amine, nitroalkane and 1,3-dicarbonyl com-
pounds using silica gel supported polyphosphoric acid
(PPA/SiO2) as catalyst under microwave-irradiation. This
method has many advantages including excellent yields,
inexpensive catalyst, shorter reaction time, diversity-oriented
synthesis, eco-friendly, allows direct introduction of carbonyl
moiety into the pyrrole nucleus, simple work-up procedure
and recyclability of the catalyst. Hence, considering these
advantages, this one-pot catalytic reaction offers an appealing
methodology for the construction of tetrasubstituted pyrroles
both in academic and pharmaceutical industries. To the best
of our knowledge, silica gel supported polyphosphoric acid
(PPA/SiO2) has not been studied in this reaction before and
therefore represent a novel catalyst for this transformation.
4. Experimental section
4.1. General chemical procedures
All the required chemicals were purchased from Merck and
Aldrich Chemical Company. Pre-coated aluminum sheets (sil-
ica gel 60 F254, Merck) were used for thin-layer chromatogra-
phy (TLC) and spots were visualized under UV light. Melting
points were performed with Ambassador and Digital melting
point apparatus (Nutronics), Popular India. IR spectra were
recorded with KBr on Thermo Nicolet FT-IR spectropho-
tometer. 1H NMR and 13C NMR spectra were recorded
respectively on Bruker Spectrospin DPX 500 and Jeol
Resonance ECX 400II spectrometer using a solvent and
trimethylsilane (TMS) as an internal standard. Spectra were
processed using Bruker Topspin 3.0.b.8. Splitting patterns
are designated as follows; s= singlet, d= doublet,
m=multiplet. Chemical shift (d) values are given in ppm.
High-resolution mass spectra (HRMS) were obtained on a
Bru¨ker micrOTOFTM-Q II mass spectrometer (ESI).
4.2. Microwave irradiation experiment
All microwave experiments were carried out in a dedicated
Anton Paar Monowave-300 reactor, operating at a frequency
of 2.455 GHz with continuous irradiation power of 0–850 W.
The reactions were performed in a G-10 Borosilicate glass vial
sealed with Teflon septum and placed in a microwave cavity.
Initially, microwave of required power was used and tempera-
ture was being ramped from room temperature to a desired
temperature. Once this temperature was attained, the process
vial was held at this temperature for the required time. The
reactions were continuously stirred. Temperature was mea-
sured by an IR sensor. After the experiments a cooling jet
cooled the reaction vessel to ambient temperature.
4.3. Preparation of the PPA/SiO2 catalyst
Toa slurry of silica gel (10 g, EMScienceGermany, 60A, 70–230
mesh) in dry methanol (50 mL) was added Polyphosphoric acidPlease cite this article in press as: S. Kumar et al., Microwave assisted highly eﬃcient
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doi.org/10.1016/j.jscs.2016.01.005(PPA) (1 g)with shaking for 15 min. The solventwas evaporated
under reduced pressure to obtain a dry PPA/SiO2 catalyst which
was then heated at 100 C for 3 h.
4.4. General procedure for synthesis of compounds
4-oxo-4H-chromane-2-carbaldehyde (1 mmol), amine
(1 mmol), 1,3-diketone (1 mmol), nitromethane (1 mL) and
PPA/SiO2 (10 mg) were mixed well in a G-10 process vial
capped with Teflon septum. After a pre-stirring for one min-
ute, the vial was subjected to microwave irradiation with the
initial ramp time of 1 min at 70 C. The temperature was then
raised to 90 C with the holding time of 46–50 min. The reac-
tion was brought to room temperature, then crude product
was dissolved in CH2Cl2 (10 mL) and the catalyst was filtered
off and washed with methanol (3  10 mL). The filtrate was
washed with water (3  20 mL), dried over anhydrous Na2SO4
and concentrated under reduced pressure. The residue was
directly purified by silica gel column chromatography to afford
the products 5a–t as a yellow solid.
4.5. Characterization data
4.5.1. ethyl 2-Methyl-4-(4-oxochroman-2-yl)-1-phenyl-1H-
pyrrole-3-carboxylate (5a)
Yield: 91% as pale yellow solid, mp 134–136 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.21 (dd, J= 1.5, 8 Hz, 1H),
8.03 (dd, J= 1, 8 Hz, 1H), 7.80 (dd, J= 1.5, 8.5 Hz, 2H),
7.70–7.67 (m, 1H), 7.57–7.54 (m, 1H), 7.47–7.43 (m, 3H),
6.52 (s, 1H), 5.43 (dd, J= 2, 16 Hz, 1H), 4.13 (q, J= 7,
14 Hz, 2H), 3.16–3.09 (m, 1H), 2.88 (dd, J= 2, 20 Hz, 1H),
2.20 (s, 3H), 1.20 (t, J= 7 Hz, 3H). 13C NMR (100 MHz,
CDCl3, ppm): d 192.3, 167.0, 160.9, 136.1, 134.7, 134.2,
133.0, 129.7, 129.4, 128.8, 128.1, 126.4, 125.7, 124.9, 120.0,
118.4, 89.5, 61.0, 49.7, 29.8, 13.7. FTIR (KBr, v= cm1):
3092, 3075, 2953, 1721, 1699, 1592, 1515, 1465, 1410. HRMS
(ESI+): m/z calcd. for C23H21NNaO4 [M+Na]
+: 398.1362,
found: 398.1357.
4.5.2. ethyl 1-(4-chlorophenyl)-2-methyl-4-(4-oxochroman-2-
yl)-1H-pyrrole-3-carboxylate (5b)
Yield: 89% as pale yellow solid, mp 145–149 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.18 (d, J= 8 Hz, 2H), 7.74–7.65
(m, 3H), 7.46–7.40 (m, 3H), 6.25 (s, 1H), 5.43 (dd, J= 2,
16.5 Hz, 1H), 4.11 (q, J= 7, 14.5 Hz, 2H), 3.16–3.09 (m,
1H), 2.88 (dd, J= 2, 19.5 Hz, 1H), 2.19 (s, 3H), 1.19 (t,
J= 9 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm): d 190.8,
167.0, 160.8, 140.5, 134.7, 134.5, 130.7, 129.2, 128.4, 126.4,
125.8, 125.3, 125.0, 120.0, 118.5, 118.1, 89.5, 61.1, 49.8, 29.8,
13.8. FTIR (KBr, v= cm1): 3091, 3073, 2949, 1721, 1700,
1592, 1513, 1465, 1410. HRMS (ESI+): m/z calcd. for C23H20-
ClNNaO4 [M+ Na]
+: 432.0973, found: 432.0971.
4.5.3. ethyl 2-methyl-1-(4-nitrophenyl)-4-(4-oxochroman-2-yl)-
1H-pyrrole-3-carboxylate (5c)
Yield: 80% as yellow solid, mp 137–139 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.25 (d, J= 10.5 Hz, 2H), 8.11
(d, J= 10 Hz, 1H), 7.97 (dd, J= 1, 10 Hz, 2H), 7.66–7.62
(m, 1H), 7.43–7.35 (m, 2H), 6.56 (s, 1H), 5.44 (dd, J= 2,
8 Hz, 1H), 4.03 (q, J= 8, 16 Hz, 2H), 3.16–3.07 (m, 1H),one-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
osphoric acid (PPA/SiO2), Journal of Saudi Chemical Society (2016), http://dx.
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3H). 13C NMR (100 MHz, CDCl3, ppm): d 190.5, 167.1, 160.9,
139.9, 134.8, 130.4, 129.3, 128.1, 126.5, 125.8, 125.0, 124.1,
122.1, 121.0, 120.1, 118.5, 89.6, 61.1, 49.8, 29.9, 13.8. FTIR
(KBr, v= cm1): 3092, 3075, 2953, 1723, 1701, 1592, 1513,
1465, 1416, 1352, 1286. HRMS (ESI+): m/z calcd. for
C23H20N2NaO6 [M+ Na]
+: 443.1213, found: 443.1209.
4.5.4. ethyl 1-(4-(dimethylamino)phenyl)-2-methyl-4-(4-
oxochroman-2-yl)-1H-pyrrole-3-carboxylate (5d)
Yield: 91% as pale yellow solid, mp 182–183 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.09 (d, J= 10 Hz, 2H), 7.62–
7.58 (m, 1H), 7.55 (dd, J= 2.5, 10.5 Hz, 2H), 7.39–7.32 (m,
1H), 6.52 (dd, J= 2, 11.5 Hz, 2H), 6.12 (s, 1H), 5.44 (dd,
J= 2, 8.5 Hz, 1H), 4.01 (q, J= 9, 18 Hz, 2H), 3.30 (s, 6H),
3.16–3.08 (m, 1H), 2.88 (dd, J= 3, 20.5 Hz, 1H), 2.09 (s,
3H), 1.10 (t, J= 9 Hz, 3H). 13C NMR (100 MHz, CDCl3,
ppm): d 190.0, 167.0, 160.8, 154.1, 134.7, 131.7, 128.6, 126.4,
125.7, 124.7, 122.4, 120.0, 118.5, 116.9, 115.5, 110.7, 89.5,
61.0, 49.7, 39.7, 29.8, 13.8. FTIR (KBr, v= cm1): 3105,
3075, 2956, 1722, 1702, 1584, 1523, 1461, 1410. HRMS (ESI
+): m/z calcd. for C25H26N2NaO4 [M+Na]
+: 441.1784
found: 441.1779.
4.5.5. ethyl 1-butyl-2-methyl-4-(4-oxochroman-2-yl)-1H-
pyrrole-3-carboxylate (5e)
Yield: 90% as pale yellow solid, mp 164–165 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.08 (dd, J= 2, 10 Hz, 1H),
8.01–7.98 (m, 1H), 7.63–7.59 (m, 1H), 7.40–7.31 (m, 1H),
6.14 (s, 1H), 5.43 (dd, J= 2, 8 Hz, 1H), 4.01 (q, J= 9,
18 Hz, 2H), 3.41 (t, J= 8.5, 17 Hz, 2H), 3.16–3.08 (m, 1H),
2.88 (dd, J= 3, 21 Hz, 1H), 2.09 (s, 3H), 1.38–1.31 (m, 2H),
1.21–1.15 (m, 2H), 1.09 (t, J= 9, 18 Hz, 3H), 0.73 (t, J= 9,
17 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm): d 188.4,
167.1, 161.0, 134.8, 133.9, 126.5, 125.8, 125.2, 124.9, 120.0,
118.5, 118.1, 89.5, 61.8, 61.1, 49.7, 34.4, 29.8, 18.6, 13.7,
13.6. FTIR (KBr, v= cm1): 3092, 3065, 2949, 1726, 1704,
1592, 1513, 1465, 1410. HRMS (ESI+): m/z calcd. for
C21H25NNaO4 [M+Na]
+: 378.1675, found: 378.1671.
4.5.6. 2-(4-acetyl-5-methyl-1-phenyl-1H-pyrrol-3-yl)chroman-
4-one (5f)
Yield: 90% as pale yellow solid, mp 155–157 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.24 (dd, J= 2, 10 Hz, 1H),
8.05–8.02 (m, 1H), 7.82 (d, J= 9 Hz, 2H), 7.72–7.68 (m,
1H), 7.59–7.58 (m, 1H), 7.57–7.45 (m, 3H), 6.13 (s, 1H), 5.51
(dd, J= 2.5, 7.5 Hz, 1H), 3.16–3.08 (m, 1H), 2.88 (dd,
J= 3, 20.5 Hz, 1H), 2.18 (3H), 1.98 (s, 3H). 13C NMR
(100 MHz, CDCl3, ppm): d 192.4, 191.3, 160.8, 136.4, 134.9,
134.5, 133.4, 130.0, 129.7, 129.0, 128.4, 126.7, 126.1, 125.2,
120.3, 118.7, 83.2, 44.2, 30.9, 13.0. FTIR (KBr, v= cm1):
3092, 3075, 2953, 1760, 1709, 1592, 1513, 1465, 1410. HRMS
(ESI+): m/z calcd. for C22H19NNaO3 [M+ Na]
+: 368.1257,
found: 368.1255.
4.5.7. 2-(4-acetyl-1-(4-chlorophenyl)-5-methyl-1H-pyrrol-3-yl)
chroman-4-one (5g)
Yield: 88% as pale yellow solid, mp 147–148 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.20 (dd, J= 2, 10 Hz, 2H),
7.75–7.68 (m, 3H), 7.47–7.42 (m, 3H), 6.52 (s, 1H), 5.44 (dd,Please cite this article in press as: S. Kumar et al., Microwave assisted highly eﬃcient
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doi.org/10.1016/j.jscs.2016.01.005J= 2, 7 Hz, 1H), 3.16–3.14 (m, 1H), 2.88 (dd, J= 3, 21 Hz,
1H), 2.16 (s, 3H), 1.95 (s, 3H). 13C NMR (100 MHz, CDCl3,
ppm): d 191.2, 190.9, 160.8, 140.8, 134.8, 134.7, 134.2, 131.4,
130.9, 129.4, 128.7, 126.6, 126.1, 125.2, 120.3, 118.6,83.4,
58.5, 44.0, 30.8, 24.8, 13.9. FTIR (KBr, v= cm1): 3088,
3072, 2948, 1706, 1697, 1581, 1523, 1465, 1410. HRMS (ESI
+): m/z calcd. for C22H18ClNNaO3 [M+ Na]
+: 402.0867,
found: 402.0861.
4.5.8. 2-(4-acetyl-5-methyl-1-(4-nitrophenyl)-1H-pyrrol-3-yl)
chroman-4-one (5h)
Yield: 82% as pale yellow solid, mp 151–153 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.31 (d, J= 10.5 Hz, 2H), 8.01
(d, J= 11 Hz, 2H), 7.72–7.67 (m, 1H), 7.49–7.40 (m, 3H),
6.53 (s, 1H), 5.44 (dd, J= 2, 8 Hz, 1H), 3.16–3.08 (m, 1H),
2.88 (dd, J= 3, 20.5 Hz, 1H), 2.16 (s, 3H), 1.96 (s, 3H). 13C
NMR (100 MHz, CDCl3, ppm): d 191.2, 190.4, 160.8, 151.1,
140.1, 134.9, 130.5, 128.4, 126.6, 126.0, 125.2, 124.3, 122.1,
121.1, 120.3, 118.6, 82.3, 43.8, 30.8, 12.8. FTIR (KBr,
v= cm1): 3089, 3068, 2951, 1703, 1692, 1592, 1513, 1465,
1410, 1354, 1261. HRMS (ESI+): m/z calcd. for
C22H18N2NaO5 [M+ Na]
+: 413.1107, found: 413.1104.
4.5.9. 2-(4-acetyl-1-(4-(dimethylamino)phenyl)-5-methyl-1H-
pyrrol-3-yl)chroman-4-one (5i)
Yield: 95% as pale yellow solid, mp 118–119 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.20 (dd, J= 1, 10 Hz, 2H),
7.70–7.62 (m, 3H), 7.47–7.40 (m, 1H), 6.61 (d, J= 11 Hz,
2H), 6.52 (s, 1H), 5.43 (dd, J= 2.5, 16 Hz, 1H), 3.16–3.09
(m, 1H), 2.90 (s, 6H), 2.88 (dd, J= 2, 20 Hz, 1H), 2.16 (s,
3H), 1.96 (s, 3H). 13C NMR (100 MHz, CDCl3, ppm): d
191.2, 190.2, 160.7, 154.2, 134.8, 131.8, 129.0, 126.6, 126.0,
125.1, 125.0, 122.2, 120.2, 118.6, 116.7, 110.9, 82.8, 44.7,
39.9, 30.8, 13.5. FTIR (KBr, v= cm1): 3092, 3085, 2956,
1708, 1700, 1591, 1509, 1454, 1412. HRMS (ESI+): m/z calcd.
for C24H24N2NaO3 [M+Na]
+: 411.1679 found: 411.1672.
4.5.10. 2-(4-acetyl-1-butyl-5-methyl-1H-pyrrol-3-yl)chroman-
4-one (5j)
Yield: 87% as pale yellow solid, mp 121–122 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.09–8.03 (m, 1H), 7.65–7.53 (m,
1H), 7.44–7.26 (2H), 6.25 (s, 1H), 5.43 (dd, J= 2, 16.5 Hz,
1H), 3.48 (t, J = 9.5 Hz, 2H), 3.16–3.09 (m, 1H), 2.88 (dd,
J= 2, 20 Hz, 1H), 2.11 (s, 3H), 1.47 (s, 3H), 1.47–1.37 (m,
2H), 1.29–1.21 (m, 2H), 0.80 (t, J= 9.5 Hz, 3H). 13C NMR
(100 MHz, CDCl3, ppm): d 191.3, 188.5, 161.0, 134.9, 133.7,
126.6, 125.9, 124.1, 122.0, 120.2, 118.6, 118.1, 81.7, 53.1,
43.6, 34.6, 24.6, 18.8, 13.7, 12.1. FTIR (KBr, v= cm1):
3097, 3071, 2946, 1704, 1702, 1590, 1523, 1461, 1413. HRMS
(ESI+): m/z calcd. for C20H23NNaO3 [M+ Na]
+: 348.1570,
found: 348.1568.
4.5.11. 6,6-dimethyl-3-(4-oxochroman-2-yl)-1-phenyl-6,7-
dihydro-1H-indol-4(5H)-one (5k)
Yield: 85% as pale yellow solid, mp 181–183 oC; 1H NMR
(400 MHz, CDCl3, ppm): d 8.20 (dd, J= 2, 8 Hz, 1H),
7.80–7.79 (m, 1H), 7.70–7.67 (m, 2H), 7.57–7.54 (m, 1H),
7.54–7.41 (m, 4H), 6.56 (s, 1H), 5.43 (dd, J= 2, 16 Hz, 1H),
3.16–3.08 (m, 1H), 2.88 (dd, J= 2, 20 Hz, 1H), 2.47 (s, 2H),
2.18 (s, 2H), 1.00 (s, 6H). 13C NMR (100 MHz, CDCl3,one-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
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128.3, 126.7, 126.1, 125.2, 122.7, 120.9, 120.2, 118.7, 83.2,
54.0, 46.2, 40.7, 32.6, 28.3. FTIR (KBr, v= cm1): 3092,
3075, 2953, 1708, 1699, 1592, 1513, 1465, 1410. HRMS (ESI
+): m/z calcd. for C25H23NNaO3 [M+Na]
+: 408.1570,
found: 408.1573.
4.5.12. 1-(4-chlorophenyl)-6,6-dimethyl-3-(4-oxochroman-2-
yl)-6,7-dihydro-1H-indol-4(5H)-one (5l)
Yield: 83% as pale yellow solid, mp 136–137 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.15 (dd, J= 1.5, 10 Hz, 2H),
7.71–7.62 (m, 3H), 7.43–7.36 (m, 3H), 6.52 (s, 1H), 5.44 (dd,
J= 2, 8 Hz, 1H), 3.16–3.08 (m, 1H), 2.88 (dd, J= 2,
19.5 Hz, 1H), 2.44 (s, 2H), 2.15 (s, 2H), 0.97 (s, 6H). 13C
NMR (100 MHz, CDCl3, ppm): d 203.9, 190.9, 160.9, 140.8,
134.8, 130.8, 129.3, 126.6, 126.0, 125.1, 123.9, 122.5, 121.5,
120.9, 120.2, 118.6, 82.6, 53.9, 46.1, 39.6, 32.5, 28.2. FTIR
(KBr, v= cm1): 3109, 3071, 2952, 1705, 1701, 1581, 1505,
1429, 1405. HRMS (ESI+): m/z calcd. for C25H22ClNNaO3
[M+Na]+: 442.1180, found: 442.1179.
4.5.13. 6,6-dimethyl-1-(4-nitrophenyl)-3-(4-oxochroman-2-yl)-
6,7-dihydro-1H-indol-4(5H)-one (5m)
Yield: 79% as yellow solid, mp 101–103 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.50 (d, J= 1.5 Hz, 1H), 8.31 (d,
J= 8.5 Hz, 2H), 8.19 (d, J= 8 Hz, 1H), 8.01 (d, J= 8.5 Hz,
2H), 7.72–7.69 (m, 1H), 7.49–7.42 (m, 1H), 6.49 (s, 1H), 5.43
(dd, J= 2, 16 Hz, 1H), 3.16–3.08 (m, 1H), 2.88 (dd, J= 2,
20 Hz, 1H), 2.47 (s, 2H), 2.17 (s, 2H), 1.00 (s, 6H). 13C
NMR (100 MHz, CDCl3, ppm): d 204.0, 197.6, 160.9, 150.9,
150.7, 134.9, 130.6, 126.8, 126.6, 125.9, 125.1, 124.2, 121.6,
120.8, 120.1, 118.6, 82.1, 53.9, 46.1, 40.7, 36.3, 28.2. FTIR
(KBr, v= cm1): 3092, 3075, 2953, 1704, 1698, 1595, 1517,
1462, 1411. HRMS (ESI+): m/z calcd. for C25H22N2NaO5
[M+Na]+: 453.1420, found: 453.1419.
4.5.14. 1-(4-(dimethylamino)phenyl)-6,6-dimethyl-3-(4-
oxochroman-2-yl)-6,7-dihydro-1H-indol-4(5H)-one (5n)
Yield: 92% as pale yellow solid, mp 170–174 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.19 (d, J= 8 Hz, 1H), 7.69–7.62
(m, 3H), 7.47–7.40 (m, 2H), 6.60 (d, J= 8.5 Hz, 2H), 6.51 (s,
1H), 5.42 (dd, J= 2, 16 Hz, 1H), 3.16–3.08 (m, 1H), 2.99 (s,
6H), 2.88 (dd, J= 2, 20 Hz, 1H), 2.46 (s, 2H), 2.19 (s, 2H),
1.02 (s, 6H). 13C NMR (100 MHz, CDCl3, ppm): d 203.9,
190.4, 160.9, 154.3, 134.8, 132.0, 128.6, 126.6, 125.9, 124.7,
123.1, 122.0, 120.1, 118.6, 114.2, 110.9, 82.5, 54.0, 46.2, 42.5,
39.9, 28.2. FTIR (KBr, v= cm1): 3093, 3078, 2953, 1711,
1706, 1592, 1513, 1465, 1410. HRMS (ESI+): m/z calcd. for
C27H28N2NaO3 [M+Na]
+: 451.1992, found: 451.1988.
4.5.15. 1-butyl-6,6-dimethyl-3-(4-oxochroman-2-yl)-6,7-
dihydro-1H-indol-4(5H)-one (5o)
Yield: 88% as pale yellow solid, mp 161–162 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.18 (d, J= 9.5 Hz, 1H), 7.70–
7.64 (m, 1H), 7.47–7.40 (m, 2H), 6.52 (s, 1H), 5.43 (dd,
J= 2, 16 Hz, 1H), 3.53 (t, J= 8.5 Hz, 2H), 3.16–3.09 (m,
1H), 2.88 (dd, J= 2, 20 Hz, 1H), 2.49 (s, 2H), 2.14 (s, 2H),
1.48–1.41 (m, 2H), 1.31–1.22 (m, 2H), 0.98 (s, 6H), 0.82 (t,
J= 9 Hz, 3H). 13C NMR (100 MHz, CDCl3, ppm): d 204.2,
190.5, 161.1, 141.2, 135.0, 126.7, 126.0, 125.8, 125.1, 120.2,Please cite this article in press as: S. Kumar et al., Microwave assisted highly eﬃcient
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doi.org/10.1016/j.jscs.2016.01.005118.6, 118.2, 81.9, 53.9, 50.9, 46.2, 43.6, 34.5, 32.5, 28.2,
18.8, 13.8. FTIR (KBr, v= cm1): 3092, 3075, 2952, 1707,
1706, 1583, 1553, 1465, 1410. HRMS (ESI+): m/z calcd. for
C23H27NNaO3 [M+ Na]
+: 388.1883, found: 388.1878.
4.5.16. 2, 2-dimethyl-5-(4-oxochroman-2-yl)-7-phenyl-
[1,3]dioxino[4,5-b]pyrrol-4(7H)-one (5p)
Yield: 84% as pale yellow solid, mp 128–130 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.19–8.14 (m, 1H), 7.99 (dd,
J= 1.5, 10.5 Hz, 1H), 7.79 (d, J= 8.5 Hz, 2H), 7.68–7.63
(m, 1H), 7.56–7.52 (m, 1H), 7.45–7.39 (m, 3H), 6.99 (s, 1H),
5.43 (dd, J= 2, 16 Hz, 1H), 3.16–3.11 (m, 1H), 2.88 (dd,
J= 2, 20 Hz, 1H), 1.69 (s, 6H). 13C NMR (100 MHz, CDCl3,
ppm): d 192.5, 174.7, 163.2, 147.4, 136.2, 134.5, 129.7, 128.9,
128.4, 126.4, 126.0, 123.5, 118.6, 118.4, 117.9, 116.4, 106.7,
82.4, 44.4, 27.4. FTIR (KBr, v= cm1): 3091, 3072, 2950,
1723, 1705, 1572, 1515, 1455, 1412. HRMS (ESI+): m/z calcd.
for C23H19NNaO5 [M+ Na]
+: 412.1155, found: 412.1146.
4.5.17. 7-(4-chlorophenyl)-2,2-dimethyl-5-(4-oxochroman-2-
yl)-[1,3]dioxino[4,5-b]pyrrol-4(7H)-one (5q)
Yield: 85% as pale yellow solid, mp 143–145 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.17–8.12 (m, 1H), 7.92–7.87 (m,
1H), 7.73–7.71 (m, 2H), 7.67–7.63 (m, 1H), 7.44–7.39 (m,
3H), 6.50 (s, 1H), 5.44 (dd, J= 2, 16 Hz, 1H), 3.16–3.09 (m,
1H), 2.88 (dd, J= 2, 20 Hz, 1H), 1.69 (s, 6H). 13C NMR
(100 MHz, CDCl3, ppm): d 190.9, 174.6, 163.2, 147.2, 140.7,
134.6, 130.8, 129.3, 126.5, 125.9, 123.4, 120.2, 118.5, 117.8,
116.4, 106.2, 82.8, 44.0, 27.3. FTIR (KBr, v= cm1): 3110,
3062, 2951, 1726, 1702, 1592, 1513, 1461, 1408. HRMS (ESI
+): m/z calcd. for C23H18ClNNaO5 [M+Na]
+: 446.0765,
found: 446.0762.
4.5.18. 2,2-dimethyl-7-(4-nitrophenyl)-5-(4-oxochroman-2-yl)-
[1,3]dioxino[4,5-b]pyrrol-4(7H)-one (5r)
Yield: 80% as pale yellow solid, mp 132–134 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.28 (d, J= 10.5 Hz, 2H), 8.14–
8.11 (m, 1H), 7.99 (d, J= 11 Hz, 2H), 7.69–7.65 (m, 1H),
7.47–7.41 (m, 2H), 6.99 (s, 1H), 5.43 (dd, J= 2, 16 Hz, 1H),
3.16–3.01 (m, 1H), 2.88 (dd, J= 2, 20 Hz, 1H), 1.70 (s, 6H).
13C NMR (100 MHz, CDCl3, ppm): d 190.6, 174.6, 163.2,
150.9, 147.3, 140.0, 134.8, 130.4, 126.5, 124.2, 123.4, 118.6,
118.4, 117.8, 116.4, 106.2, 82.1, 43.8, 27.3. FTIR (KBr,
v= cm1): 3092, 3075, 2953, 1724, 1703, 1562, 1511, 1465,
1412. HRMS (ESI+): m/z calcd. for C23H18N2NaO7 [M
+Na]+: 457.1006, found: 457.1001.
4.5.19. 7-(4-(dimethylamino)phenyl)-2,2-dimethyl-5-(4-
oxochroman-2-yl)-[1,3]dioxino[4,5-b]pyrrol-4(7H)-one (5s)
Yield: 90% as pale yellow solid, mp 150–153 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.18–8.14 (m, 3H), 7.69–7.62 (m,
2H), 7.46–7.40 (m, 2H), 6.62–6.59 (m, 1H), 6.49 (s, 1H), 5.43
(dd, J= 2, 16 Hz, 1H), 3.15–3.08 (m, 1H), 3.06 (s, 6H), 2.87
(dd, J= 2, 20 Hz, 1H), 1.01 (s, 6H). 13C NMR (100 MHz,
CDCl3, ppm): d 190.4, 174.8, 163.1, 147.4, 145.8, 134.8,
131.9, 126.6, 124.9, 123.5, 122.7, 120.0, 118.5, 117.9, 116.3,
110.9, 106.3, 81.2, 44.1, 40.0, 27.4. FTIR (KBr, v= cm1):
3090, 3071, 2956, 1728, 1701, 1552, 1515, 1462, 1412. HRMS
(ESI+): m/z calcd. for C25H24N2NaO5 [M+Na]
+:
455.1577, found: 455.1569.one-pot multi-component synthesis of novel 2-(tetrasubstituted-1H-pyrrol-3-yl)-
osphoric acid (PPA/SiO2), Journal of Saudi Chemical Society (2016), http://dx.
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[1,3]dioxino[4,5-b]pyrrol-4(7H)-one (5t)
Yield: 86% as pale yellow solid, mp 90–92 C; 1H NMR
(400 MHz, CDCl3, ppm): d 8.47 (d, J= 18 Hz, 1H), 8.14–
8.02 (m, 1H), 7.66–7.62 (m, 1H), 7.43–7.38 (m, 1H), 6.88 (s,
1H), 5.43 (dd, J= 2, 16 Hz, 1H), 3.47 (t, J= 8 Hz, 2H),
3.16–3.08 (m, 1H), 2.88 (dd, J= 2, 20 Hz, 1H), 1.65 (s, 6H),
1.42–1.36 (m, 2H), 1.28–1.19 (m, 2H), 0.78 (t, J= 9 Hz, 3H).
13C NMR (100 MHz, CDCl3, ppm): d 188.6, 169.3, 163.3,
147.3, 134.8, 126.5, 123.4, 120.1, 118.6, 118.4, 117.8, 116.4,
106.3, 81.9, 48.2, 43.1, 34.5, 27.3, 18.7, 13.7. FTIR (KBr,
v= cm1): 3092, 3075, 2953, 1732, 1702, 1592, 1513, 1465,
1410. HRMS (ESI+): m/z calcd. for C21H23NNaO5 [M
+ Na]+: 392.1468, found: 392.1462.
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